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zone cells can decrease progenitor proliferation? De- Yukako Yokota and E.S. Anton
UNC Neuroscience Center and thetermining whether changes in the pattern and mode
(e.g., neurotransmitter versus ATP induced) of calcium Department of Cell and Molecular Physiology
The University of North Carolinadynamics underly the developmental changes in the
proliferative behavior of radial glia is likely to reveal novel School of Medicine
Chapel Hill, North Carolina 27599insights into the significance of calcium waves or fluxes
in the ventricular zone.
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The initial demonstration of the significance of sponta-
neous calcium waves in the developing retina suggest
that they play a role in synchronizing the activities of
neighboring clusters of retinal cells and refine the pat-
How Early Is Firingterns of connectivity of retinal ganglion cells (Wong et al.,
1995; Feller et al., 1996). Recent studies in the embryonic Required for Wiring?
retina indicate that a distinct type of spontaneous cal-
cium wave is also present in the retinal ventricular zone
and it may be correlated spatially and temporally with
the previously described inner retinal waves (Feller, Activity is known to be important for the refinement
2004; Syed et al., 2004). This correlation of calcium of neural connections in the developing brain. In this
waves in distinct domains of developing retina may co- issue of Neuron, Hanson and Landmesser provide evi-
ordinate the generation and differentiation of different dence that GABA-dependent spontaneous bursting of
classes of retinal neurons. Similar mechanisms involving motor neurons in the embryonic spinal cord is required
spontaneous calcium waves in distinct domains of de- for the correct execution of an early axon pathfind-
ing decision.veloping cerebral wall may also sculpt both the genera-
tion of neurons and their patterns of connectivity in cere-
bral cortex (Weissman et al., 2004). It was the pioneering studies of Hubel and Wiesel in the
Considering the significance of radial glial-like cells 1970s that first alerted us to the prominent role that
as neuronal stem cells in the adult brain, the competence activity plays in the formation of neural maps in the brain
to respond to calcium waves appropriately could be a (Hubel and Wiesel, 1970). These and subsequent studies
determining feature in the ability of astroglial cells to in the visual system have outlined roles for activity in
give rise to new neurons in the mature cortex. Further sculpting and refining connections in the visual cortex,
characterization of the significance of this mode of cal- lateral geniculate, and superior colliculus (Shatz and
cium wave signaling in coordinating the diverse func- Stryker, 1988; McLaughlin et al., 2003; Grubb et al.,
tions of ensembles of radial glia in the developing cortex 2003). In the developing somatosensory system, NMDA-
or analogous astroglial cells in the mature brain is likely dependent neural activity is also required for refining
to open up new vistas in the study of cerebral cortical the sensory map in the primary trigeminal sensory nu-
cleus and in “whisker barrels” in layer IV of the somato-development and function.
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sensory cortex (Erzurumlu and Kind, 2001). However, to axon pathfinding errors rather than a change in cell
body position.in both the visual and somatosensory pathways, early
events in axon pathfinding, and the coarse targeting of How then do these activity-dependent changes in
axon guidance relate to the known molecular pathwaysaxons, appear to be largely unaffected by manipulations
that block neural excitability. Similar roles for neural that guide motor axons? To bridge this gap, the authors
examined the behavior of motor axons within the hind-activity have been described for the development of
peripheral motor connections, where activity plays a late limb plexus. Normally, motor axons defasciculate in the
plexus as they sort into dorsal and ventral pathways.role in the formation and refinement of motor neuron-
muscle synapses (O’Brien et al., 1978; Dahm and Land- However, following picrotoxin-treatment many motor
axons fail to defasciculate, remaining closely bundledmesser, 1991).
The prevailing view that has emerged from these and with other motor axons. Thus, there is a close correlation
between the aberrant pathfinding that occurs when earlyother developmental studies is that activity is only im-
portant during the terminal stages of target selection burst activity is reduced and the ability of motor axons
to defasciculate upon entering the plexus. Consistentand synaptogenesis, while early events in axon pathfind-
ing are likely to be hardwired. In this issue of Neuron, with this, the picrotoxin-treated, but not strychnine-
treated, embryos showed a marked reduction in polysia-Hanson and Landmesser (2004) challenge this view by
providing evidence that early episodes of spontaneous lylated-NCAM (PSA-NCAM) on motor axons in the plexus
region. This is striking, since previous studies haveactivity in the embryonic spinal cord are required for
motor axons to navigate correctly toward their periph- shown that the enzymatic removal of PSA from NCAM
results in motor neuron pathfinding errors (Tang et al.,eral targets. Although hindlimb motor neurons in the
chick were known to exhibit spontaneous bursting activ- 1994) similar to those seen in embryos where early spon-
taneous bursting is reduced by picrotoxin. This suggestsity at stage 24 prior to innervating limb muscles (Milner
and Landmesser, 1999), it was thought that this activity that early burst activity may regulate PSA-NCAM levels
on motor axons, although it remains to be determinedmight have more to do with wiring up neuronal connec-
tions in the spinal cord rather than guiding motor neuron if and how these two processes are linked. Could other
molecular guidance pathways be involved? It is knownaxons toward their targets. What is surprising about this
study is that activity is required for a relatively early for instance that signaling via the receptor tyrosine ki-
nase EphA4 and its ligands can regulate the choicedevelopmental event, namely the choice by lateral motor
column (LMC) motor neurons, which innervate the limb between the dorsal and ventral pathways motor axons
take in the limb (Eberhart et al., 2002; Kania and Jessell,muscles, to extend axons toward the dorsal or ventral
muscle groups. 2003). While there appears to be some reduction in
EphA4 expression following the blockade of earlyIn this study, Hanson and Landmesser show that mo-
tor neurons already exhibit episodes of spontaneous GABA-dependent bursting, the differences in expres-
sion seem to be less clearcut than those for PSA-NCAM.burst activity at stage 22.5, as they extend axons into
the limbs. Following up on previous observations that Nevertheless, it is intriguing to think that specific guid-
ance molecules such as EphA4 may also be regulatedthe early phase (up to stage 25) of motor neuron bursting
depends on GABA-mediated excitatory currents, they by activity during development.
The findings by Hanson and Landmesser indicating aused an antagonist that blocks GABAA currents, picro-
toxin, to reduce burst activity during this early develop- role for patterned neural activity in early axon guidance
come hot on the heels of another study showing thatmental period. Interestingly, blocking glycine channels
had no effect on spontaneous burst activity during the activity can regulate neurotransmitter expression in the
embryonic frog spinal cord (Borodinsky et al., 2004).early period but did abolish it at later times (stage 28
onward), thus allowing the authors to assess the role of These two studies argue that activity is likely to be im-
portant in shaping the early development of the nervousspontaneous bursting at early versus late times. Follow-
ing the blockage of early GABA-dependent activity, but system. Indeed the experimental paradigm that enabled
Hanson and Landmesser to manipulate burst activity innot late glycine-dependent activity, they observed mo-
tor neuron cell bodies occupying aberrant positions in the early spinal cord, i.e., the excitatory activity of GABA
and glycine in immature neurons, suggests that the ex-the LMC with respect to their axonal projections. Nor-
citatory action of these “inhibitory” neurotransmitters atmally, the cell bodies of motor neurons that innervate
early times is by design rather than accident. Clearlydorsal hindlimb muscles, i.e., the femorotibialis and sar-
there is much that remains to be learned about neuraltorius muscles, reside in the lateral half of the LMC, the
activity in early development and how activity impingesLMCl, whereas those innervating ventral muscles, such
on the molecular pathways that control neuronal differ-as the adductor muscle, are positioned in the medial
entiation. Nonetheless, this study and that of Borodinskyhalf of the LMC, the LMCm. However, following picrotoxin
et al. (2004) tells us that we should be looking earlier iftreatment, some of the motor neurons innervating the
we really want to understand how firing regulates thesartorius and femorotibialis muscles were instead lo-
wiring up of the nervous system.cated in the LMCm. Likewise, approximately 10% of mo-
tor neurons innervating the adductor muscle were lo-
cated in the LMCl instead of the LMCm. Using the
expression of the LIM homedomain factors Lim1 (Lhx1) Martyn Goulding
and Isl1 as a readout of LMC motor neuron identity, Molecular Neurobiology Laboratory
the authors conclude that the discordance between cell The Salk Institute for Biological Studies
La Jolla, California 92037body position and axon trajectory is likely to be due
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ing and resetting of the core oscillator, at least in partTang, J., Rutishauser, U., and Landmesser, L. (1994). Neuron 13,
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scription in the SCN. Several recent reports have sug-
gested that activation of MAPK/ERK kinases ERK1 and
2 precedes Period gene induction (although their neces-
sity in this function has not yet been established).Resetting the Clock:
The events occurring between glutamate and PACAP
Dexras1 Defines a Path release from the ipRGC and ERK1/2 activation in the
SCN have, until now, been poorly understood. In this
issue of Neuron, Cheng et al. (2004) have focused atten-
tion on Dexras1, guanine nucleotide exchange factor,The signaling pathways by which light and activity shift
and ligand-independent activator of Gi/o  subunits. Ge-the circadian clock are not well understood. In this
nomic analysis identified Dexras1 as one of small num-issue of Neuron, Cheng et al. analyze mice lacking
ber of transcripts that are (1) highly enriched in the su-Dexras1 (a Ras family GTPase protein) and demon-
prachiasmatic nucleus of the SCN and (2) show diurnallystrate an important role for Gi/o signaling mediating rhythmic expression—two hallmarks of genes poten-both photic and nonphotic phase shifts of the circa-
tially involved in circadian physiology. Dexras1 is partic-dian clock.
ularly intriguing, as it is known to be activated following
NMDA stimulation. After generating a targeted loss-of-
The 25-year-old “Eskinogram” (Eskin, 1979) (Figure 1) function allele, the investigators studied in vivo behav-
is a simple and remarkably useful heuristic for under- ioral physiology and ex vivo electrophysiology of the
standing the circadian timekeeping system. It has only SCN in mutant mice. Behaviorally, dexras1/ mice retain
three components—input, clock mechanism, and out- self-sustained circadian rhythms (with a free-running
put—but encapsulates several fundamental concepts in period a little shorter than wild-type) but cannot entrain
circadian timekeeping. The core clock mechanism is their rhythms to dim light-dark cycles and show reduced
discrete, both anatomically and genetically; the input phase shifting in response to transient light stimuli. The
mechanism is also discrete, separate from the core time- authors correlate reduced light sensitivity with reduced
keeping mechanism, and the same clock mechanism SCN ERK1/2 activation. Ex vivo, the electrical activity of
influences many “outputs,” including sleep and wake- the SCN can be phase shifted by NMDA administration.
fulness, hormone secretion, and activity rhythms. For SCN from dextras1/ mice showed reduced phase shift-
circadian researchers, it is our central dogma, and like ing in response to NMDA. Since Dexras1 appears to
molecular biology’s central dogma, nearly every possi- have biochemical guanine exchange activity for Gi/o, the
bly modification to this schematic has also proven true— investigators examined the effect of blocking Gi/o (with
clock gating of input pathways, clock output feeding pertussis toxin [PTX]) in wild-type and dexras1/ mice.
back on the clock mechanism, input mechanisms affect- The results are striking: PTX partially blocks NMDA-
ing output without the clock—but the core heuristic re- induced phase shifts in the SCN in wild-type animals,
tains its essential truth. but has no effect in dexras1/ mice; indeed, in the pres-
In the past decade, progress has been made in under- ence of PTX, wild-type and mutant mice have identical
standing both input to the circadian clock and the core phase shifting amplitudes. These results now illuminate
clock mechanism itself in mammals. (Output remains postsynaptic events following ipRGC activation. NMDA-
relatively mysterious, although several important genes induced phase delays of the clock are mediated through
in the pathway have recently been identified.) Photic two separate pathways, one requiring Gi/o activation and
Dexras1 function, and the other independent.input originates primarily from a dedicated class of non-
